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DISPLAY APPARATUS HAVING A DATA
DRIVER OPERATED IN A POWER CUT-OFF
MODE OR A STAND-BY MODL

CROSS-REFERENCE TO RELATED
APPLICATION

This U.S. non-provisional patent application claims pri-
ority under 35 U.S.C. §119 of Korean Patent Application

No. 10-2014-0099116, filed on Aug. 1, 2014, the contents of
which are hereby incorporated by reference 1n 1ts entirety.

BACKGROUND

1. Field of Disclosure
The present disclosure relates to a display apparatus.
More particularly, the present disclosure relates to a display

apparatus having reduced power consumption.

2. Description of the Related Art

In general, a display apparatus includes pixel electrodes,
switching devices respectively connected to the pixel elec-
trodes, gate lines respectively connected to the pixel elec-
trodes, and data lines respectively connected to the pixel
clectrodes.

To drive the display apparatus, various voltages or source
powers are required. The display apparatus includes an
AC/DC converter to convert an alternating-current source
power to a direct-current source power and an analog circuit
to convert the direct-current source power to an analog
driving voltage. Accordingly, the display apparatus gener-
ates various voltages. The analog driving voltage 1s gener-
ated by controlling a reference source power to a predeter-
mined level using a source power regulator and boosting the
reference source power using a booster circuit, €.g., an
clectric charge pump.

The analog driving voltage 1s applied to a data driver, the
data driver generates a data voltage using the analog driving
voltage, and the data voltage 1s applied to the data lines. The
power consumption significantly increases when the data
driver outputs the data voltage.

SUMMARY

The present disclosure provides a display apparatus hav-
ing reduced power consumption

Embodiments provide a display apparatus including a
display panel configured to display an 1mage, a data driver
that includes a voltage generator configured to convert an
image data applied thereto to a data voltage, a buller
configured to apply the data voltage to the display panel, a
driving voltage switch configured to switch an analog driv-
ing voltage input to the voltage generator and the bufler, a
bias controller configured to control a bias current applied to
the builer, and a timing controller that includes a mode
controller configured to generate a mode selection signal on
the basis of an 1image frame rate of the image data. The data
driver 1s configured to be operated 1n a power cut-oil mode
or a stand-by mode 1n response to the mode selection signal.

The drniving voltage switch 1s configured to cut off the
analog driving voltage applied to at least one of the bufler
and the voltage generator during the power cut-ofl mode,
and the bias controller 1s configured to reduce the bias
current 1n the stand-by mode.

The data driver 1s configured to be operated 1n the power
cut-oll mode when the 1image frame rate 1s smaller than a
first reference frame rate and the data driver i1s configured to
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2

be operated in the stand-by mode when the image frame rate
1s greater than the first reference frame rate.

The mode selection signal 1s configured to have a first
selection level when the image frame rate 1s smaller than the
first reference frame rate and to have a second selection level
when the 1image frame rate 1s greater than the first reference
frame rate, and the data driver i1s configured to be operated
in the power cut-ofl mode 1n response to the mode selection
signal having the first selection level and operated in the
stand-by mode 1n response to the mode selection signal
having the second selection level.

The mode controller includes a frequency comparison
unit that 1s configured to receive the image frame rate and
the first reference frame rate and compare the image frame
rate and the first reference frame rate to generate the mode
selection signal.

The timing controller further includes a memory unit
configured to store a mode selection control value, the mode
selection signal 1s configured to have the first selection level
when the mode selection control value has a power cut-ofl
mode value, and the mode selection signal 1s configured to
have the second selection level when the mode selection
control value has a stand-by mode value.

The timing controller 1s configured to receive a data
ecnable signal that defines a blank period and an enable
period, and the data driver i1s configured to operate 1n the
power cut-ofl mode or the stand-by mode during the blank
period and operate 1n a normal mode during the enable
period.

The mode controller further includes a mode activation
unit configured to generate a mode activation signal 1n the
blank period, and the data driver 1s configured to be operated
in the power cut-ofl mode or the stand-by mode during the
blank period 1n response to the mode activation signal.

The mode activation signal 1s configured to have an
activation level during the blank period and to have an
iactivation level during the enable period, and the data
driver 1s configured to be operated 1n the power cut-ofl mode
or the stand-by mode in response to the activation level.

The timing controller further mcludes a memory unit
configured to store a predetermined mode activation control
value, and the mode activation signal 1s configured to have
the inactivation level when the mode activation control
value has a mode 1nactivation value.

The timing controller further includes a frame rate con-
troller configured to recerve an image information having an
input frame rate, analyze the image information, and convert
the 1mage mformation to the image data having the image
frame rate according to the analyzed result.

The frame rate controller 1s configured to generate an
intermediate signal in the blank period and the mode acti-
vation unit 1s configured to generate the mode activation
signal 1n response to the intermediate signal.

The frame rate controller 1s configured to generate a frame
rate signal on the basis of the image frame rate and the
frequency comparison unit 1s configured to extract the image
frame rate from the frame rate signal.

The mode controller further includes a first mode activa-
tion umt that 1s configured to generate a first sub-activation
signal, a second mode activation unit that 1s configured to
generate a second sub-activation signal, and a selector that
1s configured to select one of the first and second sub-
activation signals in response to a selection signal and output
the selected signal to the bias controller and the driving
voltage switch as a mode activation signal.

The selector 1s configured to select the first sub-activation
signal when the 1mage frame rate 1s greater than a second
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reference frame rate and select the second sub-activation
signal when the 1mage frame rate 1s smaller than the second
reference frame rate.

The second reference frame rate 1s substantially the same
as the first reference frame rate.

The display apparatus further includes a frame rate con-
troller configured to recerve an 1image information having an
input frame rate, analyze the image information, and convert
the 1mage information to the image data having the image
frame rate according to the analyzed result.

The second reference frame rate 1s substantially the same
as the mput frame rate.

The frame rate controller 1s configured to generate an
intermediate signal and generate a frame rate signal on the
basis of the image frame rate during the blank period, the
first mode activation unit 1s configured to generate the first
sub-activation signal 1n response to the imtermediate signal,
and the second mode activation unit 1s configured to gen-
crate the second sub-activation signal on the basis of the
intermediate signal and the frame rate signal.

The mode controller further includes a first mode activa-
tion unit configured to generate a first sub-activation signal,
a second mode activation unit configured to generate a
second sub-activation signal, and a selector configured to
select one of the first and second sub-activation signals 1n
response to a selection signal and output the selected signal
to the bias controller and the driving voltage switch as a
mode activation signal.

The selection signal 1s the second sub-activation signal.

According to the above, the display apparatus includes the
data dniver selectively operated 1n the stand-by mode or the
power cut-ofl mode in response to the frame rate of the
image data. Thus, the power consumption 1n the data driver
may be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present disclosure will
become readily apparent by reference to the following
detailed description when considered in conjunction with the
accompanying drawings wherein:

FIG. 1 1s a block diagram showing a display apparatus
according to an exemplary embodiment of the present
disclosure:

FIG. 2 1s a ttiming diagram of signals shown in FIG. 1;

FIG. 3 1s a block diagram showing a timing controller
shown 1n FIG. 1;

FI1G. 4 1s a block diagram showing a data driver shown in
FIG. 1;

FIG. 5 1s a timing diagram of signals shown in FIG. 3
according to an exemplary embodiment of the present
disclosure:

FIG. 6 1s a block diagram showing a timing controller
according to another exemplary embodiment of the present
disclosure:

FIG. 7 1s a block diagram showing a timing controller
according to another exemplary embodiment of the present
disclosure:

FIG. 8 1s a timing diagram of signals shown in FIG. 7;

FIG. 9 1s a block diagram showing a timing controller
according to another exemplary embodiment of the present
disclosure:

FIG. 10 1s a block diagram showing a timing controller
according to another exemplary embodiment; and

FIG. 11 1s a timing diagram of signals shown i FIG. 10.
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4
DETAILED DESCRIPTION

It will be understood that when an element or layer 1s

referred to as being “on”, “connected to” or “coupled to”

another element or layer, 1t can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element 1s
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

It will be understood that, although the terms first, second.
ctc. may be used heremn to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could
be termed a second element, component, region, layer or
section without departing from the teachings of the inventive
concept.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “above”, “upper” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass diflerent orientations of the
device 1n use or operation in addition to the orientation
depicted 1n the figures. For example, 11 the device 1n the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative

descriptors used herein interpreted accordingly.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the inventive concept. As used herein, the sin-

gular forms, “a”, “an” and *“the” are mtended to include the
plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“includes™ and/or “including”, when used 1n this specifica-
tion, specily the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or

groups thereol.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this application belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.

Hereiatter, embodiments will be explained 1n detail with
reference to the accompanying drawings.
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FIG. 1 1s a block diagram showing a display apparatus
1000 according to an exemplary embodiment of the present
disclosure and FIG. 2 1s a timing diagram of signals shown
in FIG. 1.

Referring to FIG. 1, the display apparatus 1000 includes
a display panel 100 to display an image, gate and data
drivers 200 and 300 to drive the display panel 100, and a
timing controller 400 to control a drive of the gate driver 200
and a drive of the data driver 300.

The timing controller 400 receives image information
RGB and control signals from the outside of the display
apparatus 1000, e¢.g., an 1mage source (not shown). The
control signals include a vertical synchronization signal
Vsync, a horizontal synchronization signal Hsync, a clock
signal CLK, and a data enable signal DE. The image
information RGB may have an imput frame rate. The input
frame rate 1s about 60 Hz.

The timing controller 400 converts a data format of the
image mnformation RGB to a data format appropnate to an
interface between the data driver 300 and the timing con-
troller 400 to generate 1mage data Idata and applies the
image data Idata to the data driver 300. In addition, the
timing controller 400 generates a data control signal DCS
and a gate control signal GCS on the basis of the control
signals. The data control signal DCS 1s applied to the data
driver 300 and the gate control signal GCS 1s applied to the
gate driver 200. The data control signal DCS 1ncludes the
vertical synchronization signal Vsync, the horizontal syn-
chronization signal Hsync, the clock signal CLK, and the
data enable signal DE.

The gate driver 200 sequentially outputs gate signals in
response to the gate control signal GCS provided from the
timing controller 400.

The data driver 300 converts the image data Idata to data
voltages 1n response to the data control signal DCS provided
from the timing controller 400. The converted data voltages
are applied to the display panel 100.

The display panel 100 includes a plurality of gate lines
GL1 to GLn, a plurality of data lines DL1 to DLm, and a
plurality of pixels PX.

The gate lines GL1 to GLn extend 1n a first direction D
and are arranged substantially 1n parallel to each other along
a second direction D2 substantially vertical to the first
direction D1. The gate lines GL1 to GLn are connected to
the gate driver 200 to receive the gate signals from the gate
driver 200.

The data lines DL1 to DLm extend 1n the second direction
D2 and are arranged substantially in parallel to each other
along the first direction D1. The data lines DL1 to DLm are
connected to the data driver 300 to recerve the data voltages
from the data driver 300.

Each pixel PX includes a switching device SW that
outputs a data signal 1n response to the gate signal and a
liquid crystal capacitor Clc that recerves the data voltage.
Each pixel PX 1s connected to a corresponding gate line of
the gate lines GL1 to GLn and a corresponding data line of
the data lines DL1 to DLm. In more detail, each pixel PX 1s
turned on or turned ofl 1n response to a corresponding gate
signal of the gate signals. The turned-on pixel PX displays
a grayscale corresponding to the data voltage applied
thereto.

The display panel 100 may be various display panels,
such as a liquid crystal display panel, an organic light
emitting display panel, an electrophoretic display panel, an
clectrowetting display panel, eftc.

As shown 1n FIG. 2, the vertical synchronization signal
Vsync defines a plurality of frame periods FR. The vertical
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synchronization signal Vsync 1s configured to include a high
period and a low period i every period, and a length of the
period of the vertical synchronization signal Vsync corre-
sponds to a length of each frame period FR. The vertical
synchronization signal Vsync has a high level during the
high period and a low level during the low level.

The data enable signal DE defines a blank period BP and
an enable period EP 1n each frame period FR. For instance,
the data enable signal DE has the high level during the
enable period EP and the low level during the blank period
BP. The blank period BP starts at a time point at which the
enable period EP i1s fimished 1n each frame period FR and 1s
fimshed at a time point at which the frame period FR 1s
finished.

As shown 1n FIG. 1, the data driver 300 1s connected to
the data lines DL1 to DLm, converts an analog driving
voltage AVDD from an external source (not shown) to the
data voltages appropriate to the image data Idata, and applies
the data voltages to the data lines DL1 to DLm.

The data dniver 300 outputs the data voltages to the
display panel 100 during the enable period EP on the basis
of the data enable signal DE and the horizontal synchroni-
zation signal Hsync. When the data enable signal DE 1s at
the high level, the data driver 300 1s synchronized with the
horizontal signal Hsync to output the data voltages.

FIG. 3 1s a block diagram showing the timing controller
400 shown 1n FIG. 1, FIG. 4 15 a block diagram showing the
data driver 300 shown m FIG. 1, and FIG. 5 1s a timing
diagram of signals shown 1n FIG. 3 according to an exem-
plary embodiment.

Referring to FIG. 3, the timing controller 400 includes a
frame rate controller 410, a mode controller 420, and a
memory unit 430.

In the present exemplary embodiment, the frame rate
controller 410 and the mode controller 420 serve as parts of
the timing controller 400, but the frame rate controller 410
and the mode controller 420 may be mounted on a card or
board separate from the timing controller 400. In this case,
the frame rate controller 410 and the mode controller 420 are
disposed between the 1mage source and the timing controller
400 or 1n a umt connected between the 1mage source and the
timing controller 400.

The frame rate controller 410 receives the 1mage infor-
mation RGB, but it should not be limited thereto or thereby.
That 1s, the frame rate controller 410 may receive data
generated by processing the image information RGB using
other elements of the timing controller 400.

The frame rate controller 410 analyzes the image infor-
mation RGB and converts the image information RGB to the
image data Idata having an image frame rate according to the
analyzed result.

In more detail, the frame rate controller 410 analyzes the
image mnformation RGB to check whether the image 1s a
motion 1mage or a still image. When the image 1s the motion
image, the frame rate controller 410 outputs the image
information RGB as the image data Idata without changing
a frame rate. In this case, the 1image frame rate 1s substan-
tially the same as the input frame rate.

When the image 1s the still image, the frame rate control-
ler 410 determines the 1mage frame rate 1n accordance with
the still image and converts the 1image information RGB to
the image data Idata having the image frame rate. The image
frame rate may be smaller than the mnput frame rate, and, for
example, the image frame rate 1s about 30 Hz, about 20 Hz,
or about 10 Hz.

When the image 1s the still image, the image data Idata 1s
the same as the 1mage data 1n a previous frame. Accordingly,
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the 1mage data Idata 1s not required to be repeatedly pro-
cessed by the timing controller 400 and the data driver 300.
Therefore, the 1mage frame rate may become lower than the
input frame rate, and thus power consumption 1n the timing
controller 400 and the data driver 300 may be reduced.

In addition, the frame rate controller 410 generates an
intermediate signal IS 1n the blank period BP. As an
example, the frame rate controller 410 receives the data
enable signal DE and generates the intermediate signal IS on
the basis of the data enable signal DE. The intermediate
signal IS has a level i the enable period EP, which 1s
different from a level 1n the blank period BP. For instance,

the intermediate signal IS has the low level in the enable
signal EP and the high level in the blank period BP as shown
in FIG. 2.

Further, the frame rate controller 410 generates a frame
rate signal FRS on the basis of the image frame rate.

The mode controller 420 generates a mode activation
signal MES and a mode selection signal MSS and applies the
mode activation signal MES and the mode selection signal
MSS to the data driver 300. The data driver 300 1s selec-
tively operated 1n a power cut-ofl mode or a stand-by mode
in response to the mode activation signal MES and the mode
selection signal MSS. The power cut-off mode and the
stand-by mode will be described in detail later.

The mode controller 420 1includes a mode activation unit
421 and a frequency comparison unit 422,

The frequency comparison unit 422 generates the mode
selection signal MSS on the basis of the image frame rate
and a predetermined first reference frame rate RFR1.

In more detail, the frequency comparison unit 422
receives the frame rate signal FRS from the frame rate
controller 410 and extracts the image frame rate from the
frame rate signal FRS.

The first reference frame rate RFR1 is previously stored
in the memory unit 430 and the frequency comparison unit
422 receives the first reference frame rate RFR1 from the
memory unit 430. The first reference frame rate RFR1 may

be smaller than the mput frame rate. For instance, the first
reference frame rate RFR1 1s about 50 Hz, about 40 Hz,
about 20 Hz, or about 10 Hz.

The frequency comparison unit 422 compares the first
reference frame rate RFR and the image frame rate to
generate the mode selection signal MSS. Accordingly, the
mode selection signal MSS has a first selection level when
the 1mage frame rate 1s equal to or smaller than the first
reference frame rate RFR1 and has a second selection level
when the 1image frame rate 1s greater than the first reference
frame rate RFR1. In the present exemplary embodiment, the
first selection level may be the high level and the second
selection level may be the low level.

The mode activation unit 421 generates the mode activa-
tion signal MES 1n the blank period BP. The mode activation
unit 421 receives the intermediate signal IS from the frame
rate controller 410 and generates the mode activation signal
MES 1n response to the intermediate Slgnal IS, but it should
not be limited thereto or thereby. That 1s, 1n another embodi-
ment, the mode activation unit 421 directly receives the data
cnable signal DE to generate the mode activation signal
MES 1n response to the data enable signal DE.

The mode activation signal MES has a level in the enable
period EP, which 1s different from a level 1n the blank period
BP. For instance, the mode activation signal MES has an
activation level in the blank period BP and an inactivation
signal in the enable period EP, e.g., as illustrated 1in FIG. 2.
In the present exemplary embodiment, the activation level 1s

the high level and the inactivation signal i1s the low level.
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Reterring to FIG. 4, the data driver 300 includes a shiit
register 310, a latch 320, a voltage generator 330, and a

buftter 340.

The shift register 310 includes a plurality of stages (not
shown) connected to each other one after another. Each stage
1s applied with the clock signal CLK (refer to FIG. 1) and a

first stage among the stages 1s applied with a horizontal start
signal (not shown). When the first stage starts its operation
in response to the horizontal start signal, the stages sequen-
tially output a latch signal in response to the clock signal
CLK. The horizontal start signal 1s provided from the timing
controller 400.

The latch 320 receives the image data Idata from the
timing controller 400 and latches the data corresponding to
one line among the 1image data Idata 1n response to the latch
signal sequentially provided from the stages. The latch 320
applies the latched data to the voltage generator 330.

The voltage generator 330 includes a reference voltage
generator 331 and a digital-to-analog converter 332 (here-
inafter, referred to as DAC) and converts the data to the data
voltage.

The voltage generator 330 receives the analog driving
voltage AVDD. The voltage generator 330 1s operated using
the analog driving voltage AVDD.

The reference voltage generator 331 receives the analog
driving voltage AVDD and generates a plurality of gamma
reference voltages VGM having different levels on the basis
of the analog driving voltage AVDD.

The DAC 332 recerves the gamma reference voltages
VGM from the reference voltage generator 331 and converts
the data to the data voltages on the basis of the gamma
reference voltage VGM.

The bufler 340 1s configured to include a plurality of
operational amplifiers (not shown), receives the data volt-
ages from the voltage generator 330, and outputs the data
voltage to the display panel 100 (refer to FIG. 1) at the same
time point 1n response to the output start signal. The bufler
340 receives the analog driving voltage AVDD and 1is
operated using the analog driving voltage AVDD.

The data dniver 300 may further include a bias controller
350 and a dniving voltage switch 360. The bias controller
350 applies a bias current IB to the bufler 340 and controls
the bias current IB. The driving voltage switch 360 switches
the analog drniving voltage AVDD applied to the voltage
generator 330.

As an example, the data driver 300 receives the mode
activation signal MES and the mode selection signal MSS,
which are generated by the timing controller 400, and
controls the bias controller 350 and the drniving voltage
switch 360 1n response to the mode activation signal MES
and the mode selection signal MMS, and thus the data driver
300 1s selectively operated 1n the power cut-oil mode or the
stand-by mode. In addition, the data driver 300 may be 1n a
normal mode when the data driver 300 1s not operated 1n the
power cut-oll mode and the stand-by mode.

In the normal mode, the driving voltage switch 360 1s 1n
an ON state and applies the analog driving voltage AVDD to
the bufler 340 and the voltage generator 330. In addition,
during the normal mode, the bias controller 350 applies the
bias current 1B, which 1s enough to allow the bufiler 340 to
output the data voltages, to the butler 340.

In the power cut-ofl mode, the driving voltage switch 360
may cut ofl the analog driving voltage AVDD 1nput to at
least one of the bufler 340 and the voltage generator 330. In
the stand-by mode, the bias controller 350 may reduce the
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bias current IB input to the bufler 340. Therefore, the bias
current IB in the stand-by mode 1s smaller than that 1n the
normal mode.

The drniving voltage switch 360 receives the mode selec-
tion signal MSS and the mode activation signal MES and
cuts ofl the analog driving voltage AVDD 1n response to the
mode selection signal MSS and the mode activation signal
MES. As an example, the drniving voltage switch 360 may
cut ofl the analog drniving voltage AVDD applied to the
voltage generator 330 and the bufler 340.

The bias controller 350 receives the mode selection signal
MSS and the mode activation signal MES and reduces the
bias current IB applied to the bufler 340 1n response to the
mode selection signal MSS and the mode activation signal
MES.

In more detail, when the mode selection signal MSS has
the low level and the mode activation signal MES has the
activation level, the bias controller 350 reduces the level of
the bias current IB applied to the bufler 340.

Although not shown 1n figures, the data driver may further
include a control block. The control block receives the mode
activation signal MES and the mode selection signal MSS
from the timing controller 400, converts the mode activation
signal MES and the mode selection signal MSS by taking
specifications of the bias controller 350 and the driving
voltage switch 360 into consideration, and applies the con-
verted mode activation signal MES and the converted mode
selection signal MSS to the bias controller 350 and the
driving voltage switch 360.

Hereinafter, the operation of the bias controller 350 and
the driving voltage switch 360 will be described 1n detail
with reference to FIG. 3.

In the present exemplary embodiment, the first reference
frame rate RFR1 1s set to about 20 Hz and the frame rate
controller 410 converts the image information RGB to the
image data Idata having different image frame rates 1n {irst,
second, and third periods P1, P2, and P3. The image frame

rates are respectively set to about 60 Hz, about 30 Hz, and
about 10 Hz 1n the first, second, and third periods P1, P2, and

P3.

The data enable signal DE and the vertical synchroniza-
tion signal Vsync have a wavelorm corresponding to a
period of the image frame rate. In detail, the data enable
signal DE and the vertical synchronization signal Vsync
have the high level and the low level, which are repeated
with a period corresponding to the image frame rate of about
60 Hz, about 30 Hz, or about 10 Hz in the first to third
periods P1 to P3.

The data enable signal DE defines the enable period EP in
cach of the first to third periods P1 to P3 and the blank
periods BP1, BP2, and BP3 respectively 1n the first to third
periods P1 to P3. The image frame rate becomes diflerent in
the first to third periods P1 to P3 and the enable period EP
has a constant length regardless of the image frame rate.
Thus, the blank periods BP1, BP2, and PB3 have difierent
lengths from each other in the first to third periods P1 to P3,
respectively.

In the first period P1, the image frame rate is set to about
60 Hz. Since the image frame rate 1s greater than the first
reference frame rate RFR1 1n the first period P1, the mode
selection signal MSS has the second selection level during
the first period P1. Accordingly, the data driver 300 1s not
operated 1n the power cut-oil mode P during the first period
P1 and operated in the normal mode N or the stand-by mode
S 1n response to the mode activation signal MES during the
first period P1.
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In more detail, the mode activation signal MES has the
activation level during the blank period BP1 of the first
period P1. Accordingly, the data driver 300 1s operated in the
stand-by mode S during the blank period BP1 of the first
pertod P1 and operated 1n the normal mode N during the
ecnable period EP of the first period P1. That i1s, the bias
controller 350 reduces the bias current IB applied to the
bufler 340 during the blank period BP1 of the first period P1.
Theretore, the power consumption in the butler 340 may be
reduced.

In the second period P2, the image frame rate 1s set to
about 30 Hz. Since the image frame rate 1s greater than the
first reference frame rate RFR1 1n the second period P2, the
mode selection signal MSS has the second selection level
during the second period P2 similar to the first period P1.
Accordingly, the data driver 300 1s not operated in the power
cut-oil mode P during the second period P2 and operated 1n
the normal mode N or the stand-by mode S 1n response to the
mode activation signal MES during the second period P2.

In more detail, the mode activation signal MES has the
activation level during the blank period BP2 of the second
period P2. Therefore, the data driver 300 1s operated in the
stand-by mode S during the blank period BP2 of the second
pertod P2 and operated 1n the normal mode N during the
enable period EP of the second period P2. That 1s, the bias
controller 350 reduces the bias current IB applied to the
bufler 340 during the blank period BP2 of the second period
P2.

In particular, since the length of the blank period BP2 of
the second period P2 1s longer than the blank period BP1 of
the first period P1, a time duration 1n which the bias current
IB 1s reduced 1n the second period P2 is longer than a time
duration in which the bias current IB 1s reduced 1n the first
period P1. Thus, the power consumption in the second
period P2 may be much more reduced than that 1n the first
period P1.

In the third period P3, the image frame rate 1s set to about
10 Hz. Since the image frame rate 1s smaller than the first
reference frame rate RFR1 1n the third period P3, the mode
selection signal MSS has the first selection level during the
third period P3. Accordingly, the data driver 300 1s not
operated 1n the stand-by mode S during the third period P3
and operated 1n the normal mode N or the power cut-oif
mode P in response to the mode activation signal MES
during the third period P3.

In more detail, the mode activation signal MES has the
activation level during the blank period BP3 of the third
period P3. Therefore, the data driver 300 1s operated in the
power cut-oll mode P during the blank period BP3 of the
third period P3 and operated in the normal mode N during
the enable period EP of the third period P3. That 1s, the
driving voltage switch 360 cuts off the analog driving
voltage AVDD applied to at least one of the bufler 340 and
the voltage generator 330 during the blank period BP3 of the
third period P3.

As described above, the data driver 300 1s operated 1n the
power cut-ofl mode P when the image frame rate 1s equal to
or smaller than the first reference frame rate RFR1 and
operated 1n the stand-by mode S when the 1image frame rate
1s greater than the first reference frame rate RFR1.

Since the analog driving voltage AVDD 1s cut off 1n the
power cut-oil mode P, the amount in reduction of the power
consumption in the power cut-ofl mode P 1s greater than the
amount 1 reduction of the power consumption in the
stand-by mode S. However, a stabilization time 1s required
to prevent a noise from being generated 1n the power cut-ofl
mode P.
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As described above, since the power cut-oil mode P and
the stand-by mode S are selectively activated on the basis of
the first reference frame rate RFR1, the power consumption
in the data driver 300 may be effectively reduced and the
data driver 300 may be more stably operated.

FIG. 6 1s a block diagram showing a timing controller 400
according to another exemplary embodiment of the present
disclosure.

Referring to FIG. 6, the memory unit 430 stores a mode
selection control value MSC and a mode activation control
value MEC.

The mode activation control value MEC has a mode
inactivation value or a mode activation value. The mode
activation unit 421 receives the mode activation control
value MEC from the memory unit 430. The mode activation
unit 421 generates the mode activation signal MES on the
basis of the mode activation control value MEC. For
instance, when the mode activation control value MEC has
the mode inactivation value, the mode activation signal
MES has the inactivation level always. Accordingly, the data
driver 300 1s operated in the normal mode N (refer to FIG.
5) regardless of the image frame rate.

Meanwhile, when the mode activation control value MEC
has the mode activation value, the mode activation signal
MES 1s generated to correspond to the blank period BP as
described i FIGS. 3 to S.

As described above, when the mode activation control
value MEC 1s used, the mode activation control value MEC
may be previously stored in the memory unit 430 in con-
sideration of a purpose 1n use of the display apparatus 1000,
and thus the stand-by mode S (refer to FIG. 5) or the power
cut-oll mode P (refer to FIG. 5) may be forcibly nactivated.

The mode selection control value MSC has a power
cut-oll mode value or a stand-by mode value. The frequency
comparison unit 422 receives the mode selection control
value MSC from the memory umt 430. The frequency
comparison unit 422 generates the mode selection signal
MSS on the basis of the mode selection control value MSC.
For instance, when the mode selection control value MSC
has the power cut-ofl mode value, the mode selection signal
MSS has the first selection level always. Accordingly, the
data driver 300 1s operated in the power cut-ofl mode P
during the blank period BP without being operated in the
stand-by mode S.

Meanwhile, when the mode selection control value MSC
has the stand-by mode value, the mode selection signal MSS
has the low level always. Therefore, the data driver 300 1s
operated in the stand-by mode S during the blank period BP
without being operated 1n the power cut-ofl mode P.

As described above, when the mode selection control
value MSC 1s used, the mode activation control value MEC
may be previously stored 1n the memory unit 430 by taking
a purpose 1n use of the display apparatus 1000 1nto consid-
cration, and thus the data driver 300 may be forcibly
operated 1n the stand-by mode S or the power cut-oil mode
P.

FIG. 7 1s a block diagram showing a timing controller 400
according to another exemplary embodiment of the present
disclosure and FIG. 8 1s a timing diagram of signals shown
in FIG. 7.

Referring to FIGS. 4 and 7, the timing controller 400
includes the frame rate controller 410 and a mode controller
440. The mode controller 440 1ncludes a first mode activa-
tion unit 442 and a second mode activation unit 443.

The first mode activation unit 442 generates a first sub-
activation signal MES1 in the blank period BP. As an
example, the first mode activation unit 442 receives the
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intermediate signal IS from the frame rate controller 410 and
generates the first sub-activation signal MES1 on the basis
of the mtermediate signal IS, but it should not be limited
thereto or thereby. That 1s, 1n another embodiment, the first
mode activation unit 442 receives the data enable signal DE
and generates the first sub-activation signal MES1 on the
basis of the data enable signal DE.

The first sub-activation signal MES1 has a level 1n the
enable period EP, which 1s different from a level in the blank
period BP. For instance, the first sub-activation signal MES1
has the activation level in the blank period BP and the
iactivation level in the enable period EP. As described
above, the activation level 1s the high level and the 1nacti-
vation level 1s the low level.

The second mode activation umit 443 generates a second
sub-activation signal MES2 different from the first sub-
activation signal MES1. As an example, the second mode
activation unit 443 receives the intermediate signal IS and
the frame rate signal FRS from the frame rate controller 410
and generates the second sub-activation signal MES2 on the
basis of the intermediate signal IS and the frame rate signal
FRS, but 1t should not be limited thereto or thereby. That 1s,
in another embodiment, the second mode activation unit 443
receives the data enable signal DE instead of the interme-
diate signal IS and generates the second sub-activation
signal MES2 on the basis of the data enable signal DE and
the frame rate signal FRS.

The second sub-activation signal MES2 may have the
activation level and the inactivation level. The second mode
activation unit 443 controls a time duration, in which the
activation level and the inactivation level of the second
sub-activation signal MES2 are maintained, such that the
data driver 300 1s stably operated when the data driver 300
1s operated 1n the power cut-ofl mode.

The mode controller 440 may further include a selector
441 and a frequency comparison unit 422. However, the
frequency comparison unit 422 may be included in the
second mode activation unit 443 for improvement of chip
design.

The selector 441 receives the first and second sub-acti-
vation signals MES1 and MES2 and selects either the first
sub-activation signal MES1 or the second sub-activation
signal MES2 1n response to a selection signal SS. The
selected signal 1s applied to the bias controller 350 and the
driving voltage switch 360 as the mode activation signal
MES.

As an example, when the image frame rate 1s smaller than
a second reference frame rate RFR1, the selector 441 selects
the second sub-activation signal MES2, and when the image
frame rate 1s greater than the second reference frame rate
RFR1, the selector 441 selects the first sub-activation signal
MESI1. The case that the image frame rate 1s greater than a
second reference frame rate RFR2 includes the case that the
image frame rate 1s equal to the second reference frame rate
RFR2.

The second reference frame rate RFR2 may be substan-
tially the same as the first reference frame rate RFR1, but 1t
should not be limited thereto or thereby.

As another embodiment, the second reference frame rate
RFR2 may be substantially the same as the mput image
frame rate. In this case, the selector 441 selects the second
sub-activation signal MES2 when the frame rate controller
410 recognizes that the image 1s the still image and reduces
the frame rate of the image mformation RGB.

The selection signal SS may be generated by the second
mode activation unit 443. In more detail, the second mode
activation unit 443 receives the frame rate signal FRS and
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extracts the image frame rate from the frame rate signal
FRS. Then, the second mode activation unit 443 compares
the 1image frame rate and the second reference frame rate
RFR2 to generate the selection signal SS. For instance, when
the 1mage frame rate 1s smaller than the second reference
frame rate RFR2, the selection signal SS has the high level,
and when the image frame rate 1s greater than the second
reference frame rate RFR2, the selection signal SS has the
low level.

As an example, the second reference frame rate RFR2
may be stored in the memory unit 430. The second mode
activation unit 443 reads out the second reference frame rate
RFR2 from the memory unit 430.

Hereinatiter, the operation of the timing controller 400
shown 1n FIG. 7 will be described 1n detail with reference to
FIG. 8.

In the present exemplary embodiment, the first reference
frame rate RFR1 1s set to about 20 Hz and the second
reference frame rate RFR2 is set to about 60 Hz.

The image data, the image frame rate, the vertical syn-
chronization signal Vsync, and the data enable signal DE 1n
the first to thurd periods P1 to P3 have been described with
reference to FIG. 5, and thus details thereof will be omitted.

In addition, the second sub-activation signal MES2 has
the 1nactivation level in the first period P1 and has one of the
activation level and the mactivation level 1n the second and
third periods P2 and P3 1n response to the data enable signal
DE.

Since the image frame rate 1s substantially the same as the
second reference frame rate RFR1 1n the first period P1, the
selection signal SS has the low level. Accordingly, the
selector 441 outputs the first sub-activation signal MES1 as
the mode activation signal MES.

In the first period P1, the image frame rate 1s about 60 Hz.
Since the 1image frame rate 1s greater than the first reference
frame rate RFR1 1n the first period P1, the mode selection
signal MSS has the second selection level during the first
period P1. Accordingly, the data driver 300 1s not operated
in the power cut-ofl mode P during the first period P1 and 1s
operated 1n the normal mode N or the stand-by mode S 1n
response to the first sub-activation signal MES].

In more detail, the first sub-activation signal MES1 has
the activation level during the blank period BP1 of the first
period P1. Therefore, the data driver 300 1s operated 1n the
stand-by mode S during the blank period BP1 of the first
period P1 and operated 1n the normal mode N during the data
enable period EP of the first period P1. That 1s, the bias
controller 350 reduces the current applied to the bufler 340
during the blank period BP1 of the first period P1. Thus, the
power consumption in the bufler 340 may be reduced.

Since the 1image frame rate 1s smaller than the second
reference frame rate RFR2 in the second period P2, the
selection signal SS has the high level. Accordingly, the
selector 441 outputs the second sub-activation signal MES2
as the mode activation signal MES.

In the second period P2, the image frame rate 1s about 30
Hz. Since the image frame rate 1s greater than the first
reference frame rate RFR1 in the second period P2, the
mode selection signal MSS has the second selection level
during the second period P2 as similar to the first period P1.
Theretore, the data driver 300 1s not operated 1n the power
cut-oll mode P during the second period P2 and 1s operated
in the normal mode N or the stand-by mode S during the
second period P2 in response to the second sub-activation
signal MES2.

In more detail, the second sub-activation signal MES2 has
the activation level during the blank period BP2 of the
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second period P2. Thus, the data driver 300 1s operated 1n the
stand-by mode S during the blank period BP2 of the second
period P2 and operated 1n the normal mode N during the data
enable period EP of the second period P2. That 1s, the bias
controller 350 reduces the current applied to the buller 340

during the blank period BP2 of the second period P2.

In particular, since the length of the blank period BP2 of
the second period P2 1s longer than that of the blank period
BP1 of the first period P1, a time duration in which the bias
current IB 1s reduced 1n the second period P2 is longer than
a time duration in which the bias current IB 1s reduced 1n the
first period P1. Accordingly, the amount 1n reduction of the
power consumption in the second period P2 1s greater than
the amount 1n reduction of the power consumption in the
first period P1.

Since the 1mage frame rate 1s smaller than the second
reference frame rate RFR2 in the third period P3, the
selection signal SS has the high level. Accordingly, the
selector 441 outputs the second sub-activation signal MES2
as the mode activation signal MES.

In the third period P3, the image frame rate 1s about 10 Hz.
Since the 1mage frame rate 1s smaller than the first reference
frame rate RFR1 1n the third period P3, the mode selection
signal MSS has the first selection level during the third
period P3. Therefore, the data driver 300 1s not operated 1n
the stand-by mode S during the third period P3 and 1s
operated 1n the normal mode N or the power cut-ofl mode P
during the third period P3 in response to the second sub-
activation signal MES2.

In more detail, the second sub-activation signal MES2 has
the activation level during the blank period BP3 of the third
period P3. Thus, the data driver 300 1s operated in the power
cut-oll mode P during the blank period BP3 of the third
period P3 and operated 1n the normal mode N during the data
enable mode EP of the third period P3. That is, the driving
voltage switch 360 cuts ofl the analog driving voltage AVDD
applied to at least one of the bufler 340 and the voltage
generator 330 during the blank period BP3 of the third
period P3.

As described above, the data driver 300 1s operated in the
power cut-oil mode P when the image frame rate 1s smaller
than the first reference frame rate RFR1, and the data driver
300 1s operated 1n the stand-by mode S when the image
frame rate 1s greater than the first reference frame rate RFR1.

In particular, the timing controller 400 includes the first
and second mode activation units 442 and 443, and thus the
timing controller 400 independently generates the first and
second sub-activation signals MES1 and MES2. Therefore,
the data driver 300 1s more stably operated 1n the stand-by
mode S or the power cut-ofl mode P.

FIG. 9 1s a block diagram showing a timing controller 400
according to another exemplary embodiment of the present
disclosure.

Retferring to FIG. 9, the memory unit 430 stores a mode
activation control value MEC. The mode activation control
value MEC has the high level or the low level.

A mode controller 450 of the timing controller 400
includes a logic gate 444. The logic gate 444 receives the
selection signal SS from the second mode activation unit
443 and the mode activation control value MEC from the
memory unit 430.

For instance, the logic gate 444 may be an AND gate to
perform an AND operation. When the mode activation
control value MEC has the high level, the logic gate 444
outputs the selection signal SS as a final selection signal
FSS. The selector 441 outputs one of the first and second
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sub-activation signals MES1 and MES2 as the mode acti-
vation signal MES 1n response to the final selection signal
FSS.

When the mode activation control value MEC has the low
level, the logic gate 444 outputs the final selection signal
FSS having the low level. The selector 441 outputs the first
sub-activation signal MES1 as the mode activation signal
MES 1n response to the final selection signal FSS.

As described above, when the mode activation control
value MEC 1s used, the mode activation control value MEC
may be previously stored in the memory unit 430 1n con-
sideration of a purpose 1n use of the display apparatus 1000,
and thus the first sub-activation signal MES1 may be forc-
ibly selected.

FIG. 10 1s a block diagram showing a timing controller
400 according to another exemplary embodiment and FIG.
11 1s a ttiming diagram of signals shown 1n FIG. 10.

Referring to FIG. 10, the timing controller 400 includes
the frame rate controller 410 and a mode controller 460. The
mode controller 460 includes the selector 441, the first mode
activation unit 442, and a second mode activation unit 445.

The second mode activation unit 445 generates the mode
selection signal MSS. In more detail, the second mode
activation unit 443 outputs the second sub-activation signal
MES2 as the mode selection signal MSS.

Hereinatter, the operation of the timing controller 400 wall
be described 1n detail with reference to FIGS. 4 and 11.

In the present exemplary embodiment, the second refer-
ence frame rate RFR2 1s set to about 60 Hz.

The image data, the 1image frame rate, the vertical Syn-
chronization signal Vsync, and the data enable signal DE 1n
the first to thurd periods P1 to P3 have been described with
reference to FIG. 5, and thus details thereot will be omitted.

In addition, the second sub-activation signal MES2 has
the 1nactivation level in the first period P1 and has one of the
activation level and the nactivation level 1n the second and
third periods P2 and P3 in response to the data enable signal
DE.

The image frame rate 1s about 60 Hz in the first period P1.
Since the 1image frame rate 1s substantially the same as the
second reference frame rate RFR1 1n the first period P1, the
selection signal SS has the low level. Accordingly, the
selector 441 outputs the first sub-activation signal MESI1 as
the mode activation signal MES.

The second sub-activation signal MES2 has the inactiva-
tion level, 1.e., the low level, during the first period P1.
Accordingly, the mode selection signal MSS has the second
selection level, 1.e., the low level, during the first period P1.
Therefore, the data driver 300 1s not operated 1n the power
cut-oll mode P during the first period P1 and is operated 1n
the normal mode N or the stand-by mode S 1n response to the
first sub-activation signal MES1.

In more detail, the first sub-activation signal MES1 has
the activation level during the blank period BP1 of the first
period P1. Therefore, the data driver 300 1s operated 1n the
stand-by mode S during the blank period BP1 of the first
period P1 and operated in the normal mode N during the data
ecnable period EP of the first period P1. That 1s, the bias
controller 350 reduces the current applied to the bufler 340
during the blank period BP1 of the first period P1. Thus, the
power consumption in the bufler 340 may be reduced.

The 1image frame rate 1s about 30 Hz during the second
period P2. Since the image {frame rate 1s smaller than the
second reference frame rate RFR2 1n the second period P2,
the selection signal SS has the high level. Accordingly, the
selector 441 outputs the second sub-activation signal MES2
as the mode activation signal MES.
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In the second period P2, the second sub-activation signal
MES?2 has the activation level 1.€., the high level, during the
blank period BP2 of the second period P2 and has the
iactivation level, 1.e., the low level, during the enable
period EP of the second period P2. Thus, the mode selection
signal MSS has the first selection level, 1.e., the high level,
during the blank period BP2 of the second period P2 and has
the second selection level, 1.e., the low level, during the
enable period EP of the second period P2.

Therefore, the data driver 300 1s operated 1n the normal
mode N during the enable period EP of the second period P2
and operated 1n the power cut-ofl mode P during the blank
period BP2 of the second period P2.

In the third period P3, the image frame rate 1s about 10 Hz.
Since the image frame rate 1s smaller than the second
reference frame rate RFR2 in the third period P3, the
selection signal SS has the high level. Accordingly, t
selector 441 outputs the second sub-activation signal MES2
as the mode activation signal MES.

In the third period P3, the second sub-activation signal
MES?2 has the activation level 1.€., the high level, during the
blank period BP3 of the third period P3 and has the
mactivation level, 1.e., the low level, during the enable
period EP of the third period P3. Thus, the mode selection
signal MSS has the first selection level, 1.e., the high level,
during the blank period BP3 of the third period P3 and has
the second selection level, 1.e., the low level, during the
enable period EP of the third period P3.

Therefore, the data driver 300 1s operated in the normal
mode N during the enable period EP of the third period P3
and operated 1n the power cut-ofl mode P during the blank
period BP3 of the third period P3.

As described above, the data driver 300 1s operated 1n the
power cut-oll mode P when the image frame rate 1s smaller
than the second reference frame rate RFR2, and the data
driver 300 1s operated i1n the stand-by mode S when the
image Iframe rate 1s equal to or greater than the second
reference frame rate RFR2.

In particular, the timing controller 400 does not require to
include the frequency comparison unit 422 (refer to FI1G. 9),
and thus the circuit configuration of the mode controller 460
1s stmplified.

Although the exemplary embodiments of the mmventive
concept have been described, 1t 1s understood that the
inventive concept should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the inventive concept as hereinafter claimed.

What 1s claimed 1s:

1. A display apparatus comprising:

a display panel configured to display an image;

a data driver that comprises a voltage generator config-
ured to convert an 1image data applied thereto to a data
voltage, a buller configured to apply the data voltage to
the display panel, a dnving voltage switch configured
to switch an analog driving voltage input to the voltage
generator and the bufler, and a bias controller config-
ured to control a bias current applied to the builer; and

a timing controller that comprises a mode controller
configured to generate a mode selection signal on the
basis of an image frame rate of the image data, wherein
the data driver 1s configured to be operated in a power
cut-oll mode or a stand-by mode in response to the
mode selection signal, the driving voltage switch 1s
configured to cut off the analog driving voltage applied
to at least one of the bufler and the voltage generator
during the power cut-ofl mode, and the bias controller
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1s configured to reduce the bias current 1n the stand-by
mode, wherein the data driver 1s configured to be
operated in the power cut-ofl mode when the image
frame rate 1s smaller than a first reference {frame rate
and the data driver 1s configured to be operated in the
stand-by mode when the 1mage frame rate 1s greater
than the first reference frame rate.

2. The display apparatus of claim 1, wherein the mode
selection signal 1s configured to have a first selection level
when the image frame rate 1s smaller than the first reference
frame rate and to have a second selection level when the
image Irame rate i1s greater than the first reference frame
rate, and the data driver 1s configured to be operated in the
power cut-oil mode 1n response to the mode selection signal
having the first selection level and operated 1n the stand-by
mode 1n response to the mode selection signal having the
second selection level.

3. The display apparatus of claim 2, wherein the mode
controller comprises a frequency comparison unit that is
configured to receive the image frame rate and the first
reference frame rate and compare the image frame rate and
the first reference frame rate to generate the mode selection
signal.

4. The display apparatus of claim 3, wherein the timing
controller further comprises a memory unit configured to
store a mode selection control value, and the mode selection
signal 1s configured to have the first selection level when the
mode selection control value has a power cut-ofl mode value
and the mode selection signal 1s configured to have the
second selection level when the mode selection control
value has a stand-by mode value.

5. The display apparatus of claim 3, wherein the timing
controller 1s configured to receive a data enable signal that
defines a blank period and an enable period, and the data
driver 1s configured to be operated in the power cut-ofl mode
or the stand-by mode during the blank period and operated
in a normal mode during the enable period.

6. The display apparatus of claim 35, wherein the mode
controller further comprises a mode activation unit config-
ured to generate a mode activation signal 1n the blank period,
and the data driver 1s configured to be operated 1n the power
cut-oll mode or the stand-by mode during the blank period
in response to the mode activation signal.

7. The display apparatus of claim 6, wherein the mode
activation signal 1s configured to have an activation level
during the blank period and to have an inactivation level
during the enable period, and the data driver 1s configured to
be operated 1n the power cut-ofl mode or the stand-by mode
in response to the activation level.

8. The display apparatus of claim 7, wherein the timing
controller further comprises a memory unit configured to
store a predetermined mode activation control value, and the
mode activation signal 1s configured to have the mactivation
level when the mode activation control value has a mode
inactivation value.

9. The display apparatus of claim 7, wherein the timing
controller further comprises a frame rate controller config-
ured to receive an 1image information having an mput frame
rate, analyze the 1mage information, and convert the 1image
information to the image data having the image frame rate
according to the analyzed result.
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10. The display apparatus of claim 9, wherein the frame
rate controller 1s configured to generate an intermediate
signal in the blank period and the mode activation unit 1s
configured to generate the mode activation signal 1n
response to the intermediate signal.

11. The display apparatus of claim 9, wherein the frame
rate controller 1s configured to generate a frame rate signal
on the basis of the image frame rate and the frequency
comparison unit 1s configured to extract the image frame rate
from the frame rate signal.

12. The display apparatus of claim 5, wherein the mode
controller further comprises:

a first mode activation unit that 1s configured to generate

a first sub-activation signal;

a second mode activation unit that 1s configured to gen-

erate a second sub-activation signal; and

a selector that 1s configured to select one of the first and

second sub-activation signals 1n response to a selection
signal and output the selected signal to the bias con-
troller and the driving voltage switch as a mode acti-
vation signal.

13. The display apparatus of claim 12, wherein the
selector 1s configured to select the first sub-activation signal
when the 1image frame rate 1s greater than a second reference
frame rate and select the second sub-activation signal when
the 1mage frame rate 1s smaller than the second reference
frame rate.

14. The display apparatus of claim 13, wherein the second
reference frame rate 1s substantially the same as the first
reference frame rate.

15. The display apparatus of claim 13, further comprising
a frame rate controller configured to receive an image
information having an nput frame rate, analyze the image
information, and convert the 1mage information to the image
data having the image frame rate according to the analyzed
result.

16. The display apparatus of claim 15, wherein the second
reference frame rate 1s substantially the same as the input
frame rate.

17. The display apparatus of claim 16, wherein the frame
rate controller 1s configured to generate an intermediate
signal and generate a frame rate signal on the basis of the
image Irame rate during the blank period, the first mode
activation unit 1s configured to generate the first sub-acti-
vation signal in response to the intermediate signal, and the
second mode activation unit 1s configured to generate the
second sub-activation signal on the basis of the intermediate
signal and the frame rate signal.

18. The display apparatus of claim 1, wherein the mode
controller further comprises:

a first mode activation unit configured to generate a first

sub-activation signal;

a second mode activation unit configured to generate a

second sub-activation signal; and

a selector configured to select one of the first and second

sub-activation signals 1n response to a selection signal
and output the selected signal to the bias controller and
the driving voltage switch as a mode activation signal.

19. The display apparatus of claim 18, wherein the
selection signal 1s the second sub-activation signal.
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